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Dr Aka
doi:10.1016/j.jtcvs.2007.04.004bjective: We retrospectively analyzed our experience in atrial septal defect repair
ith varied minimally invasive surgical approaches.
ethods: From 1997 to 2006, 64 patients underwent surgical repair of atrial septal
efects in our center. Patients were grouped into four groups according to the
pproach used; group 1 (n  16), partial lower sternotomy; group 2 (n  20), right
nterior small thoracotomy with transthoracic clamping; group 3 (n  4), right
nterior small thoracotomy with endoaortic balloon clamping; and group 4 (n 24),
otally endoscopic approach with the use of the da Vinci surgical system (Intuitive
urgical, Mountain View, Calif). Preoperative diagnosis was a large secundum type
trial septal defect in 60 patients, primum type in 3 patients, and sinus venosus type
n 1 patient.
esults: Complete atrial septal defect closure was verified by intraoperative trans-
sophageal echocardiography in all patients. There was neither perioperative mor-
ality nor major complication. Groups 3 and 4 had significantly longer aortic
rossclamp, cardiopulmonary bypass, and skin-to-skin operative times than had
roups 1 and 2 (P  .000). All groups had similar ventilation time, postoperative
rainage, and intensive care unit and hospital stays. Only 2 patients in group 4 were
onverted to the minithoracotomy owing to endoaortic balloon failure. During the
ollow-up of 30  24.3 months, 1 patient in group 3 was reoperated on owing to
ignificant residual shunting.
onclusions: All types of atrial septal defects can be repaired via those four different
pproaches as safely as can be done by the conventional technique. General
omplications during surgical procedures are negligible. These approaches may be
onsidered a standard treatment and an adjunct to transcatheter treatment options in
trial septal defect repair.
urrently, there is a growing interest in minimally invasive approaches in all
fields of cardiac surgery. One of the most important principles to achieve
minimally invasive procedures is to operate through limited incisions. Cur-
ently, a variety of cardiac procedures have been performed successfully via these
imited incisions. Supposed benefits of these approaches are reduced surgical trauma,
ess postoperative pain, and faster postoperative convalescence. 1-7 With the recen
dvance in the development of appropriate accessory technology, such as alternative
ethods of vascular cannulation for cardiopulmonary bypass (CPB) and endoscopic
nstrumentation using robotic telemanipulation, these small access approaches have
een refined to a high level of performance. Minimally invasive surgical techniques for
trial septal defect (ASD) repair become quite popular in the past 2 decades, including
artial sternotomies, different small thoracotomies, and totally endoscopic approaches.
otally endoscopic atrial septal repair (TEASR) has been demonstrated to be safe with
 considerable reduction of surgical invasiveness.8
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DThis trend toward minimally invasive surgical ASD re-
air has been further supported by progress in competitive
nterventional methods, and this has even compelled the
urgical effort to reduce surgical invasiveness to a minimal
egree. During the past 10 years, full sternotomy technique
or ASD closure, therefore, has been almost abandoned in
ur institution and replaced by three different minimally
nvasive surgical techniques: (1) partial lower sternotomy
PLS), (2) right anterolateral small thoracotomy (RAST),
nd (3) TEASR. In this report, we retrospectively analyzed
ur clinical experience with minimally invasive ASD clo-
ure. Our primary objectives in this study were to describe
he evolution of surgical techniques in ASD repair and to
ocument the impact of each individual technique on early
ostoperative outcome.
atients and Methods
ixty-four patients referred to our center for surgical closure of
ifferent types of ASDs from January 1997 to December 2006
ere included. Patients were retrospectively divided into four
roups according to the surgical approach and the perfusion tech-
ique used for ASD repair: group 1 (n  16) consisted of patients
perated on by the PLS approach, group 2 (n  20) comprised
atients operated on by the RAST approach with transthoracic
lamping for aortic occlusion (RAST  transthoracic clamping,
lso called the Chitwood technique2), group 3 (n  4) consisted o
atients operated on by the RAST approach combined with the
ort-access system for CPB and aortic crossclamping (ACC)
RAST  endoclamping), and group 4 (n  24) consisted of
atients operated on by a totally endoscopic approach (TEASR).
he choice of minimally invasive surgical approach was based first
n availability of robotic technology after August 1999, second on
he personal preference of the patient for a particular approach, and
ast on the gender of the patient, that is, the PLS approach was used
or male patients whereas the RAST approach was generally
referred by female patients for cosmetic reasons. Informed con-
ent was obtained from all patients preoperatively.
Preoperative diagnosis of ASD, defect size, ratio of pulmonary
ow to aortic flow, shunt flow volume, and pulmonary artery
ressure measurements were performed by preoperative transtho-
acic echocardiography and transesophageal echocardiography
TEE). Shunt flow volume can be estimated using the area of the
efect and the velocity time integral of the shunt flow measured
Abbreviations and Acronyms
ACC  aortic crossclamping
ASD  atrial septal defect
CPB  cardiopulmonary bypass
ICS  intercostal space
PLS  partial lower sternotomy
RAST  right anterolateral small thoracotomy
TEASR totally endoscopic atrial septal repair
TEE  transesophageal echocardiographyith the Doppler beam parallel to shunt direction as described.9 t
58 The Journal of Thoracic and Cardiovascular Surgery ● Septeight heart catheterization was not routinely performed. All pa-
ients older than 35 years of age underwent coronary angiography
o rule out concomitant coronary artery disease. As a policy,
outine Doppler ultrasonography was performed preoperatively to
ule out peripheral vascular disease of the iliac and femoral vessels
or peripheral arterial cannulation, and patients with small or
everely atherosclerotic femoral arteries were excluded from
roups 2, 3, and 4. Also, patients with calcified and severely
therosclerotic ascending arch or descending aorta on TEE were
xcluded from groups 3 and 4. All patients underwent pulmonary
unction testing preoperatively to assess whether single-lung ven-
ilation would be feasible.
Demographics and preoperative characteristics of all patients
re summarized in Table 1. Preoperative diagnosis was secun
ype ASD in all patients, except ostium primum type defect and
left mitral valve in 2 patients in the PLS and 1 patient in the
AST group and sinus venosus type defect in 1 patient in the
EASR group. Additionally, 3 patients had interatrial septal an-
urysm (2 in the RAST  transthoracic clamping and 1 in the
EASR group), 1 patient had a left atrial myxoma (10 8 mm) in
he TEASR group, and 3 patients had multiperforated defects in
he TEASR group. The type and size of ASD did not alter our
urgical policy. All operations were performed by two senior
urgeons. ASD repair was performed by either direct suturing or a
atch (pericardial or Dacron). After weaning from CPB, TEE was
outinely performed to check for any residual shunting.
nesthesia
nesthesia was induced with etomidate, sufentanyl, and pancuro-
ium and maintained with sufentanyl and propofol in all patients.
ouble-lumen intubation for single-lung ventilation was used in
roups 2, 3, and 4, keeping the positive end-expiratory pressure of
to 8 mm Hg on the left side. Both radial arteries were cannulated
or invasive monitoring of the endoaortic clamp in groups 3 and 4.
EE after induction was performed in all patients to confirm the
iagnosis, to rule out any associated congenital disease and aortic
nsufficiency, and to control the intravascular placement of port-
ccess cannulas. In groups 3 and 4, for selective venous drainage,
19F or 21F venous cannula was placed percutaneously into the
ight jugular vein under half-dose heparinization before the
peration.
perative Techniques
PLS. The patient was placed in the supine position on the
perating table, and a 6- to 7-cm midline vertical skin incision was
erformed in the lower half of the sternum. An inverted J-shaped
artial sternotomy was performed from the xiphoid to the right
hird intercostal space (ICS). The PLS was 2 to 3 cm longer than
he skin incision. After systemic heparinization, central aorto–
icaval cannulation was done for CPB. Both caval veins were
ncircled with silicone rubber vascular loops. After mild hypother-
ic CPB (32°C-34°C) and crossclamping of the aorta, intermittent
old blood cardioplegic infusion was administrated in an antegrade
ashion into the aortic root. The surgical field was constantly
ushed with carbon dioxide, according to our previously published
echnique to reduce gaseous emboli.10 Through a standard righ
triotomy, the ASD was closed. Deairing was performed through
he aortic root before aortic declamping.
mber 2007
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DRAST  transthoracic clamping. The patient was placed in a
upine position with the right side of the chest elevated by 40° and
he pelvis remaining relatively flat to facilitate femoral cannula-
ion. A small 6- to 7-cm anterolateral thoracotomy was performed
n the right fourth ICS through a 5- to 6-cm right submammary
kin incision. Particular care was applied to save the right internal
horacic artery. The right femoral vessels were exposed through a
ransverse incision for peripheral cannulation. A port-access 22F
r 25F venous cannula (Ethicon, Somerville, NJ) was introduced
or venous cannulation under TEE guidance. The femoral artery
as cannulated with flexible arterial cannulas (20F to 22F; DPL;
edtronic, Inc, Minneapolis, Minn). After deflation of the right
ung, the pericardium was opened longitudinally 2 cm anterior and
arallel to the course of the phrenic nerve. A straight cardioplegia
eedle was secured to the aortic root for cardioplegia. Both caval
eins were encircled by silicone rubber vascular loops. The as-
ending aorta was crossclamped transthoracically with a specifi-
ally designed clamp (Scanlan, St Paul, Minn) through a 5-mm
ncision in the third ICS. Cardiopulmonary perfusion, myocardial
rotection, and atriotomy were similar to the PLS technique. After
epair of the defect, the deairing procedure was performed through
he aortic root. To facilitate the deairing process, we carefully used
ntracardiac suction to prevent the emptying of the blood level in
he left atrium. An intercostal block with bupivacaine was rou-
inely administered in the third to fifth ICSs for pain control.
RAST  endoclamping. The surgical approach, operative
echnique, and myocardial protection were completely similar to
he RAST technique. A port-access perfusion system was used to
stablish CPB according to our previously published technique3 In
rief, the femoral vessels were exposed and prepared for peripheral
annulation. CPB was established with femoro–femoral cannula-
ion via the Heartport Port-Access System (CardioVations of Ethi-
on, Inc, Norwalk, Conn). ACC was performed by insufflation of
ABLE 1. Preoperative demographics of patients in the stu
PLS (n  16) RAST (n  20)
ge 47.9  17.2 48.2  16.6
ender (M/F) 16/0 7/13
reoperative symptoms 8 (50)* 9 (45)
Chest pain 2 2
Palpitation 1 1
Dyspnea 5 6
aradox embolism 1 (6.25) 5 (25)
omorbidity 3 (12.5) 2 (10)
DM 0 0
HTN 2 1
COPD 1 1
YHA class 1.5  0.7 1.7  0.7
F (%) 67.6  9.3 64.3  9.9
hunt volume (%) 58.2  7.5 53.9  16
ean PAP (mmHg) 23.7  6.2 22.1  8.2
ize of defect (mm) 27.7  9.7 24  9.8
LS, Partial lower sternotomy; RAST, right anterolateral small thoracotom
ypertension; COPD, chronic obstructive pulmonary disease; NYHA, New
Numbers in parenthesis reflect percentages.he endoaortic balloon clamp, and cardiac arrest was achieved by t
The Journal of Thoracicelivery of cold blood cardioplegic solution through the aortic
oot.
TEASR. TEASR was performed in a similar method to our
reviously published technique.11 In brief, the patient was po-
ioned on the operating table with the right side elevated by 40°.
fter right lung deflation and insufflation of the thorax with carbon
ioxide, a stereo–endoscope was inserted into the right fourth ICS
etween the midaxillary and anterior axillary line. The robotic
rms were inserted through the third and sixth ICSs in the anterior
xillary line. An additional 8-mm stab incision was necessary in
he fifth ICS in the midaxillary line for transthoracic instrumenta-
ion. CPB was instituted via femoro–femoral cannulation with the
eartport Port-Access system (CardioVations of Ethicon, Inc,
orwalk, Conn, in 22 patients or Estech, Danville, Calif, in 2
atients). After endoaortic balloon clamping and cardioplegia, a
tandard right atriotomy was performed to repair the defect either
irectly or with a patch by the da Vinci Surgical system (Intuitive
urgical, Mountain View, Calif). The procedure was performed at
oderate systemic hypothermia (28°C).
tatistical Analysis
tatistical analysis was done by SPSS 10.0 version software
SPSS, Inc, Chicago, Ill). Data were defined as continuous and
ategorical variables. Continuous variables were expressed as
ean  standard deviation and were compared by 1-way Bonfer-
oni analysis of variance. Categorical variables were expressed as
ercentages and frequencies and were compared by means of 2
ests.
esults
reoperative characteristics of patients are summarized in
able 1. Patients in all groups were similar in age, s
RAST  endoclamp (n  4) TEASR (n  24) P value
37.6  7 45.5  17.0 .261
0/4 10/14
2 (50) 11 (45.8) .657
0 2
0 3
2 6
0 4 (16.6) .368
1 (25) 8 (16.6) .613
1 2
0 5
0 1
2.3  0.5 1.4  0.5 .204
68.6  2.3 67.1  8.8 .699
61  1.7 56.2  12.2 .728
19.1  5.4 19  6.7 .318
21.3  7.5 24.6  10 .802
ASR, totally endoscopic atrial septal repair; DM, diabetes mellitus; HTN,
Heart Association; EF, ejection fraction; PAP, pulmonary artery pressure.dy
y; TE
Yorkomatology, comorbidities, ejection fraction, New York
and Cardiovascular Surgery ● Volume 134, Number 3 759
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Deart Association class, pulmonary artery pressure, shunt
olume, and size of the defect preoperatively.
Perioperative data are given in Table 2. Patients in RA
ndoclamping and TEASR groups had significantly longer
CC, CPB, and skin–to–skin operative times than did the
ther groups (P .000). There were no differences between
AST  endoclamping and TEASR groups in terms of the
CC, CPB, and skin–to–skin operative times (P  .999).
wo (8.3%) patients in the TEASR group were converted to
AST with the transthoracic clamping technique owing to
ndoaortic balloon malposition in the ascending aorta in 1
atient and kinking of the cardioplegia line in the other
atient. Complete ASD repair without the presence of re-
idual shunts was confirmed by TEE before weaning from
ypass in all patients. Intraoperatively, in 1 patient in the
AST  endoclamping group, severe systemic hypoxia
eveloped after institution of single-lung ventilation. TEE
evealed reversal of the shunt from left to right to right to
eft. Ventilation of the left lung was found to be normal. It
as thought to be an exaggerated hypoxic pulmonary
asoconstriction reaction resulting from single-lung ven-
ilation and treated expeditiously by terminating single-
ung ventilation for a short period and by intravenous
orticosteroid application. Then, the procedure was com-
leted successfully without conversion to the standard
pproach.
During the early postoperative period, there were no
tatistically significant differences among groups in terms of
entilation time, intensive care unit stay, 24-hour chest tube
rainage, and hospital stay. We experienced a few compli-
ations during the early postoperative period but no major
ostoperative complication. One patient in the RAST 
ransthoracic clamping group and 1 in TEASR group had
trial tachyarrhythmias that were converted to normal sinus
hythm with medical therapy. Two patients, 1 in the RAST 
ransthoracic clamping group and 1 in the PLS group, had
hronic atrial fibrillation preoperatively and remained in
trial fibrillation rhythm during the postoperative period.
ABLE 2. Perioperative variables and early outcome of pa
PLS ( n  16) RAST (n  20)
CC time (min) 27.3 7.6 29.8 24.7
PB time (min) 64 22.1 74.6  41.2
peration time (min) 147.3 21.3 160.5 40
echnique of repair
Direct suturing/patch 6/10 7/13
entilation (h) 6.3 1.1 7.3 2
4-Hour drainage (mL) 366.5 93.4 407 365.6
CU stay (h) 18.2 5.4 17.9 4.8
ospital stay (d) 8.2 2.2 8.2 2.7
LS, Partial lower sternotomy; RAMT, right anterolateral minithoracotomy;
ardiopulmonary bypass; ICU, intensive care unit.hey received anticoagulation therapy with warfarin so- s
60 The Journal of Thoracic and Cardiovascular Surgery ● Septeium (Coumadin) after the second postoperative day. Two
atients in the PLS group had a right-sided pneumothorax
n the first postoperative day, treated successfully by place-
ent of chest tubes. Owing to the increased postoperative
rainage in 1 patient in the TEASR group, 3 units of
rythrocyte suspensions were transfused. One patient in the
AST  transthoracic clamping group had a high fever
esulting from Serratia marcescens bacteriemia during post-
perative day 3, which was successfully treated by the
ppropriate antimicrobial therapy. There were no wound
ealing problems at the thoracic or peripheral perfusion
ites in any group. At discharge, all patients were in normal
inus rhythm except for 2 patients with chronic atrial fibril-
ation. No early mortality occurred. Echocardiographic
ollow-up at hospital discharge revealed normal atrial con-
guration without residual shunt.
After discharge, patients were transferred to specific
ehabilitation centers. Then, they were routinely followed
p by their family physicians. Although all approaches
esulted in improved postoperative cosmesis, the best cos-
etic result was seen after TEASR (Figure 1). All pa
emained free of symptoms during the mean follow-up
eriod of 30  24.3 months (3–105 months), except for 1
atient in the TEASR group who had recurrent ASD after 2
ears. On reoperation, she displayed a complete opening of
he defect, probably resulting from failure of the suture. In
roups 2, 3, and 4, there was no cases of venous congestion
r ischemia of the lower extremity related to peripheral
annulation during the follow-up time.
iscussion
tandard surgical ASD repair with median sternotomy is a
igh-benefit and low-risk procedure with close to zero op-
rative mortality.12 However, in this relatively younger a
therwise healthy patient population, more emphasis should
e placed on postoperative cosmesis and quality of life.
ecent advance in trancatheter closing devices has substan-
ially shifted the treatment of secundum type ASDs from
s in the study
RAST  endoclamp (n  4) TEASR (n  24) P value
64.3  1.5 63.6 20.4 .000
134.3 7.5 135.2 39.2 .000
253.3  58.5 262.6 60.6 .000
0/4 20/4
8.6  2 8.7 4.4 .180
374  50 454.3  394.1 .434
20  4.3 23.4  8 .440
9.6  2.3 7.9 1.9 .689
R, totally endoscopic atrial septal repair; ACC, aortic crossclamping; CPB,tient
TEASurgical repair to interventional closure. However, trans-
mber 2007
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Datheter ASD closure has some obvious limitations. The
rocedural success rate in the transcatheter approach de-
ends on the size and shape of the defect. Yet, the only ASD
ype suitable for transcatheter closure has been reported to
e small secundum type ASDs. The presence of a large
SD with an insufficient rim to anchor the closure device,
s well as a fenestrated or aneurysmal interatrial septum, has
een shown to decrease the success rate of these procedures
rofoundly.13,14 Additionally, cerebral microembolism du-
ng the procedure, postprocedural thromboembolic risk, in-
racardiac shunt recurrence, injury to intracardiac structures,
evice dislocation, and subsequent peripheral embolization
re documented potential complications.14-17 Therefore,
urgery undoubtedly will continue to keep its place in the
reatment of ASDs as an adjunct to the already existing
ercutaneous treatment options.
The main rationale behind minimally invasive cardiac
urgery is to reduce surgical trauma and achieve faster
ostoperative convalescence and better cosmetic results
ompared with the conventional full sternotomy approach.
n the late 1990s, as a result of technical innovation in
eripheral CPB technology combined with the possibility of
ndoaortic clamping, remote cardiac arrest became feasible
nd thus enabled small access surgery.6,7 Introduction of
obotic telemanipulation into cardiac surgery has even in-
reased surgical dexterity and enabled surgeons to perform
otally closed-chest intracardiac procedures.8
Most of the ASDs in this patient cohort were large
approximately 25 mm) and some patients had complex
efects, such as sinus venosus or ostium primum type ASDs
Figure 1. Photographic views of patients after PLS (A)
sternotomy; RAST, right anterolateral small thoracotomlus cleft mitral valve. The series of patients described in b
The Journal of Thoracichis article represents a cohort that was not treatable by the
ercutaneous technique. This cohort demonstrates that all
ypes of ASDs, regardless of size and morphologic type, can
e reliably repaired by different minimally invasive surgical
echniques: PLS, RAST (transthoracic or endoaortic clamp-
ng), and TEASR. Also, each technique offers relatively
cceptable patient satisfaction in terms of cosmesis. During
he past decade, several minimally invasive techniques,
uch as PLS, right anterolateral and subaxillary small
inithoracotomies, and parasternal or subxiphoidal ap-
roaches, have been used for surgical ASD repair in current
linical practice.6,7,18-21 The PLS approach provides goo
xposure of great central vessels, and cannulation for CPB
an be performed as easily as in the standard technique.
here is no need for specially designed instruments, and
esource use is not too high. In our experience, this ap-
roach yields higher cosmetic acceptance in male patients.
In female patients, however, the RAST approach, either
ransthoracic or endoclamping, for aortic occlusion has a
igh cosmetic acceptance and is referred to as the “bikini”
ine incision.6,7 RAST was reported to be a technically m
hallenging and time-consuming procedure in ASD repair
n some reports.20 In our study, there was no statistica
ignificant difference in operation, CPB, and ACC times
etween the PLS and the RAST  transthoracic clamping
roup. Patients in the RAST  endoclamping group had
ignificantly longer operative, CPB, and ACC times than
atients in the PLS and RAST  transthoracic clamp
roups. The main reasons for this are the time-consuming
lacement of the endoaortic balloon, dislodgment of the
T (B), and TEASR (C) approaches. PLS, Partial lower
ASR, totally endoscopic atrial septal repair., RAS
y; TEalloon, and handling problems during cardiac arrest.3 Dif-
and Cardiovascular Surgery ● Volume 134, Number 3 761
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Dculty of intracardiac deairing, defibrillation, and problems
elated to the peripheral cannulation are other known tech-
ical disadvantages of port-access perfusion. We did not
xperience any complication related to air embolization and
eripheral cannulation, such as retrograde aortic dissection,
imb ischemia, or wound healing problems at the femoral
egion in this patient cohort. These complications resulting
rom systemic arteriosclerosis are uncommon in a relatively
oung patient cohort like the ASD population with no
eripheral vascular disease or other significant comorbidi-
ies. However, the presence of atherosclerotic iliofemoral
rterial disease and small vessel size may complicate the
rocedure. Additionally, the use of port-access perfusion
arrants more resource use.22 In this regard, the use 
ransthoracic clamping technique provides a simple and
table aortic occlusion, reduces problems associated with
ndoaortic clamping, and is more cost effective.
Another reported drawback of the RAST approach is
hrenic nerve injury. We did not encounter any phrenic
erve damage in these patients. In our opinion, this com-
lication can be prevented by defining the course of the
hrenic nerve properly on the pericardium, pulling ade-
uately on the pericardial stay sutures, and avoiding the use
f topical cooling.14
TEASR has become the latest step in the surgical evo-
ution of ASD repair. This is the only standardized and
eproducible totally endoscopic cardiac procedure to
ate.8,11,23 In agreement with results from the literature, 
esults showed that TEASR is superior to the other mini-
ally invasive approaches in terms of the degree of inva-
iveness, patient satisfaction, and cosmesis.11,23,24 Even
hough TEASR has some indisputable advantages over
ther surgical techniques in ASD repair, it has some apparent
imitations. First, it is technically demanding and necessi-
ates great expertise in both robotic and port-access perfu-
ion surgical technology. The experience gained in port-
ccess surgery is a must and should be an initial step before
witching to a robotic program in ASD repair. In our patient
ohort, 2 patients were converted from the TEASR to the
AST  transthoracic clamping technique. Both conver-
ions were associated with port-access system failures. As
iscussed in our previous report,11 stabilization of the en-
oaortic balloon in the aorta may be more difficult in
atients with healthy and compliant aortas as in the ASD
opulation. Second, costs for robotic surgery are exorbi-
antly high. However, some obvious benefits of robotic
urgery, such as improvement in postoperative recovery and
xpeditious return to work, were claimed as evidence that a
obotic approach is cost effective.24 Third, it remains 
ime-consuming procedure. Our experience and that of others
howed that longer crossclamp, CPB, and operative times can
e shortened after a stepwise learning curve.11,23,24 Further-
ore, longer operation times do not cause an additional w
62 The Journal of Thoracic and Cardiovascular Surgery ● Septeisadvantage after TEASR, which may be attributed to the
elatively younger age and lower incidence of comorbidities
n this patient cohort. Last, there is no tactile feedback in
obotic telemanipulation. Therefore, it sometimes may be
ifficult to estimate the tension over the suture line in the
irect suturing technique in TEASR. One patient in our
eries required secondary reoperation owing to recurrence
f the ASD. This complication may be a result of the
verstretching of the suture line or insufficient knot tying.
Apart from cosmesis and chest wall stability, we did not
nd any difference in terms of the postoperative drainage,
ntensive care unit and hospital stay, and wound healing
roblems among the four groups. Some have shown that
inimally invasive access provides additional advantages
f shorter hospital stay, earlier return to normal activity, and
etter wound healing compared with the conventional ster-
otomy after ASD repair.7,18,19 These achievements may b
elated to limited surgical trauma and better stability of the
ony thorax. More data with greater patient cohorts are
ecessary to make definite conclusions. In our study, al-
hough TEASR seems to be the least invasive approach, the
arly outcome in the TEASR group was similar to those of
he RAST and PLS groups, as reported by others.25 This
ay be related to the longer ACC and CPB times in this
roup.
We did not perform postoperative pain scoring and qual-
ty of life analysis in this study. Median sternotomy, either
omplete or partial, is shown to be associated with less
ostoperative pain than the RAST.26 Even though the tho-
acotomy is limited, there is still a rib-spreading process and
onsequent intercostal nerve damage in the RAST tech-
ique. Walther and colleagues27 showed that in cardia
perations, either minimal access (partial sternotomy or
inithoracotomy) or conventional approach, overall post-
perative pain levels are low and lateral minithoracotomy
pproach is associated with slightly higher pain levels dur-
ng the first 2 postoperative days. The routine intraoperative
se of intercostal nerve blockage, cryoablation, or soft tis-
ue retractors may help to minimize the degree of postop-
rative pain in patients undergoing RAST.27,28 In TEASR,
here is obviously only minimal incisional trauma. Morgan
nd colleagues,25 showed that TEASR provides less po-
perative pain and better quality of life than does the
inithoracotomy or complete sternotomy.
However, pain perception and, to a lesser extent, quality
f life are subjective issues rather than standardized. They
ay vary according to socioeconomic status, difference in
ex and race, mental preparation of the patient for such
urgical intervention preoperatively, and confidence of the
atient in the procedure (especially in robotic procedures).
lso, earlier mobilization and return to work may be a
sychologic result of having a small incision in this other-
ise healthy patient population.
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DIn 1 patient of the RAST  endoclamp group, we ex-
ountered hypoxia and reversal of the shunt owing to hy-
oxic pulmonary vasoconstriction after single-lung ventila-
ion. Normally, hypoxic pulmonary vasoconstriction helps
o maintain systemic oxygenation after single-lung ventila-
ion. Hypoxic pulmonary vasoconstriction may cause severe
ight–to–left shunting of unoxygenated blood and eventu-
lly result in severe hypoxemia and hemodynamic instabil-
ty, especially in patients with large ASDs. Additionally,
everal anesthetic agents such as propofol, lateral decubitus
ositioning, and high-frequency positive-pressure ventila-
ion may exaggerate hypoxic pulmonary vasoconstriction
uring single-lung ventilation.29 Awareness of this rar
omplication in patients undergoing single-lung ventilation
s essential for proper intraoperative management in ASD
epair.
Owing to the fact that the intrathoracic dissection and
rauma are limited, one of the benefits of these minimally
nvasive approaches may be the creation of fewer adhesions
n the long term. This is particularly important in this patient
opulation because they are relatively younger and carry a
otential risk for subsequent surgical interventions such as
oronary artery bypass grafting.
Our study has some obvious limitations. First, because of
he retrospective nature of the study, we did not perform
arly postoperative pain scoring and quality of life analysis.
owever, these analyses would increase the impact and the
tatistical power of the study. Second, minimally invasive
pproaches always raise the issues of cost and length of
ospital stay. In our study, the cost analysis was not per-
ormed. The length of hospital stay did not create a differ-
nce among the groups. However, in the German diagnosis-
elated group health care system, the length of hospital stay
nd costs are affected by factors other than the postoperative
ecovery alone.
In conclusion, from our experience, surgical closure of
SDs with PLS, RAST, and TEASR techniques can be
arried out as safely and effectively as is done in conven-
ional surgery. These procedures may be considered as a
tandard treatment option in ASD repair. Of these, TEASR
oes offer the best cosmetic outcome. PLS and RAST
echniques also provide good cosmesis and high patient
atisfaction in young male and female patients, respectively.
ncreased cost, complexity, and need for expertise in the
urgical approach are the major drawbacks of TEASR and,
o a lesser extent, RAST and endoclamp technique. The
osmetic appeal of these procedures should be weighted
gainst their financial and technical disadvantages in selec-
ion of a particular surgical strategy for ASD repair.
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